Existing data sources for clinical epidemiology: The Danish Knee Arthroplasty Register by Pedersen, Alma B et al.
© 2012 Pedersen et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article  
which permits unrestricted noncommercial use, provided the original work is properly cited.
Clinical Epidemiology 2012:4 125–135
Clinical Epidemiology
Existing data sources for clinical epidemiology: 
The Danish Knee Arthroplasty Register
Alma B Pedersen1
Frank Mehnert1
Anders Odgaard2
Henrik M Schrøder3
1Department of Clinical Epidemiology, 
2Department of Orthopedics,  
Aarhus University Hospital, Aarhus, 
3Department of Orthopedics, 
Rigshospitalet, Copenhagen University 
Hospital, Copenhagen, Denmark
Correspondence: Alma B Pedersen 
Department of Clinical Epidemiology, 
Aarhus University Hospital, Olof Palmes 
Alle 43-45, 8200 Aarhus N, Denmark 
Tel +45 87 168 208 
Fax +45 87 167 215 
Email abp@dce.au.dk
Purpose: We described the settings, organization, content, and data quality of the Danish Knee 
Arthroplasty Register (DKR), as well as the incidence and the first results of the knee replace-
ment procedures captured by the DKR. Our aim was to draw researchers’ attention to the DKR 
and its potential use in clinical epidemiological research.
Patients and methods: The DKR has collected data on all knee replacement procedures 
performed in Denmark since 1997. The validity of the register was compared with the Danish 
National Registry of Patients (DNRP). Incidence rate was calculated per 100,000 inhabitants. 
Implant survival was estimated by Kaplan–Meier method. Cox regression analyses were used 
to estimate the relative risk (RR) for revision with a 95% confidence interval (CI).
Results: A total of 62,586 primary knee arthroplasties and 6,683 revisions were registered 
in the DKR between January 1, 1997 and December 31, 2010. More than 90% of the private 
and public hospitals performing knee replacement surgery in Denmark have entered data to 
the DKR. Registration completeness of primary procedures and revisions has increased since 
the DKR initiation and was 88% in 2010 for both procedures, compared with registration in the 
DNRP. For primary knee arthroplasties, the annual incidence rate increased from 35.8 in 1997 
to 155.2 in 2010 per 100,000 inhabitants. Incidence was higher in females than in males dur-
ing the entire study period, and increased with age for both sexes. The overall implant survival 
after 14 years was 89% irrespective of diagnosis for surgery. Male patients had higher revision 
risk than females, and revision risk decreased with increasing age. Risk for any revision was 
higher for uncemented implants (RR = 1.48; 95% CI: 1.32–1.66), and lower for hybrid implants 
(RR = 0.84; 95% CI: 0.75–0.95) compared to cemented implants. Implant survival did not 
improve but remained the same throughout the study period when comparing patients operated 
in the periods 1997–2000 versus 2001–2003, 2004–2006, and 2007–2010.
Conclusion: The DKR is a valuable tool for quality monitoring and research in knee arthroplasty 
surgery due to the high quality and completeness of prospective, routinely collected data. Large 
population-based epidemiological studies can be performed in order to study trends as well as 
risk factors for poor clinical outcome following knee arthroplasty surgery.
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Introduction
The Danish Knee Arthroplasty Register (DKR) was initiated by the Danish 
  Orthopaedic Society and the Danish Society for Hip and Knee Arthroplasty Surgery 
and data collection began on January 1, 1997. The aim of the register is to examine 
the epidemiology of knee replacement procedures in Denmark, and to monitor 
and facilitate continuous improvement of knee replacement surgery outcomes 
on both local and national levels. The DKR contains information on all primary 
Dovepress
submit your manuscript | www.dovepress.com
Dovepress 
125
ORigiNAL RESEARCH
open access to scientific and medical research
Open Access Full Text Article
http://dx.doi.org/10.2147/CLEP.S30050Clinical Epidemiology 2012:4
knee arthroplasty procedures and revisions performed 
in   Denmark. All orthopedic departments report to the 
  database, including public hospital departments, private 
clinics and departments at private hospitals. Registration 
of knee arthroplasty procedures was voluntary at first, but 
became mandatory in June 2006, when the Danish National 
Board of Health required hospital departments and clinics 
to report to all relevant national clinical databases.
The Danish national health system provides free access 
to tax-supported medical care for all Danish residents, a total 
population of approximately 5.5 million people. Since 1968, 
all Danish residents have been assigned a unique 10-digit 
civil registration number at birth, encoding age, sex, and date 
of birth. This registration number is always recorded when 
information on residents is entered into a Danish administra-
tive or medical database. This procedure allows for unam-
biguous record linkage between surgery data in DKR and a 
wide range of other databases.1 The DKR contains specific 
surgery-related data which can be expanded by linking with 
other Danish medical databases.
In the following, we describe the settings, organization, 
content, and data quality of the DKR, as well as the incidence 
and the first results of the knee replacement procedures reg-
istered in the DKR. Our aim is to draw researchers’ attention 
to the DKR and its potential use in clinical epidemiological 
research.
Patients and methods
Organization of the DKR
The DKR has a steering committee of orthopedic surgeons 
representing the Danish Society for Hip and Knee Arthro-
plasty Surgery and Danish Regions as well as representatives 
from the Department of Clinical Epidemiology, Competence 
Centre North, and the Central Denmark Region. The DKR 
steering committee is responsible for the work of the DKR. 
The DKR cooperates closely with the Danish Hip Arthro-
plasty Registry, the Danish Shoulder Arthroplasty Registry 
and the Danish Cruciate Ligament Registry as a part of the 
Danish Orthopedic Common Database. The Danish Ortho-
pedic Common Database (including the DKR) obtains its 
funding from the Danish Regions upon annual application. 
The total annual costs for the Danish Orthopedic Common 
Database are about 175,000 EUR. The statistical analyses 
for the DKR are performed by the Department of Clinical 
Epidemiology, Competence Centre North. The DKR pub-
lishes an annual report, presenting quality indicator data, 
epidemiological data, results of different implant survival 
analyses, and trends over time.
Data collection
Arthroplasty is defined as insertion of any foreign material 
other than biological material, as compensation for destroyed 
surface of the knee joint. Primary knee arthroplasty   operation 
is defined as the first knee procedure which involves   insertion 
of total or partial arthroplasty, whereas the revision is 
defined as any later procedure which involves supplement to, 
exchange, removal, or modification of the already inserted 
arthroplasty.
Data for the DKR are collected using a standardized 
registration form. Since 1997, the departments could either 
send the paper registration form to the secretary or register 
data on a disk and forward it to the secretary for entry into the 
central database. Since 2005, departments have entered data 
online directly into the DKR using a data entry system called 
Klinisk Måle System (KMS). At each participating depart-
ment, a contact person is responsible for DKR data registration 
and communication with the DKR as well as disseminating 
information from the DKR in his/her department.
The registered data include pre-, peri-, and postopera-
tive data. The following preoperative data are registered: the 
patient’s civil registration number, the patient’s weight, the 
laterality of the affected knee, primary diagnosis for surgery, 
previous surgery on the knee, hospital code, and function 
of the knee according to Charnley classification.2 Further, 
departments have the possibility of registering the preoperative 
knee status according to American Knee Society Score.3
The perioperative data include date of surgery, operation 
theatre, type of anesthesia, use of antibiotic and antithrom-
botic prophylactic treatment, surgical approach, preoperative 
complications, use of drain, implant design and method 
of fixation for each component, duration of surgery, and 
component supplement. In case of revision, the number of 
earlier revisions, the indication for revision, and knee pre- 
and postoperative status are also recorded. The decision 
as to the diagnosis of infection was made by the reporting 
orthopedic surgeon before or immediately after surgery 
and thus before the results of the perioperative culture were 
known.   Infections around implant-treated conservative are 
not recorded in the DKR.
The postoperative data include registration of possible 
postoperative complications, the patient’s satisfaction with 
treatment and the postoperative knee status according to 
American Knee Society Score.
For the purpose of implant survival analyses, the DKR 
has been linked to the Civil Registration System,4 which 
holds information on vital status, date of death, residence, 
and migration of the entire Danish population since 1968. 
submit your manuscript | www.dovepress.com
Dovepress 
Dovepress
126
Pedersen et alClinical Epidemiology 2012:4
Thus, complete follow-up of all knee arthroplasty patients is 
possible. We further linked the DKR to the Danish National 
Registry of Patients,5 which contains data on all admissions to 
public somatic hospitals in Denmark since 1977 and up to 20 
discharge diagnoses recorded according to the International 
Classification of Diseases, ICD-8 and ICD-10. By means of 
the Danish National Registry of Patients, the rehospitalization 
rate following knee surgery was calculated.
Comorbidity data are not available in the DKR, but can 
be extracted from the Danish National Registry of Patients.5 
Pedersen et al6 linked the DKR to the Danish National 
Registry of Patients in order to investigate the risk of hospi-
talization with venous thromboembolism following primary 
knee arthroplasty. In the same study researchers were able 
to construct the entire hospitalization history before knee 
arthroplasty for each patient and use this information as a 
prognostic factor in regression analyses.6
Data quality
The number of departments performing knee replacement 
surgery has changed over time due to closing of some, 
merging of others or the initiation of new private clinics/
departments. In 2010, there were 60 orthopedic departments, 
including 35 public and 25 private departments performing 
this surgery, of which 57 reported to the DKR.
The goal of the register is to achieve registration com-
pleteness of knee arthroplasties of more than 90% on both 
national and department levels, ie, more than 90% of all 
knee procedures performed in Denmark should be reported 
in the DKR. To identify missing procedures, the data entered 
into the DKR are analyzed every 3 months using the   Danish 
National Registry of Patient as a gold standard. Lists 
with civil registration numbers for all missing procedure 
  registrations have afterwards been sent to each orthopedic 
department with a request for data entry.
The entered data are regularly subject to missing value 
control for all variables included in the dataset. In   addition, 
checks for coding errors are continuously performed for 
several of the most important variables, such as date of 
  surgery, laterality and type of procedures, and implant 
design. Several logical checks are incorporated in the online 
registration system.
Quality indicators
In 2006, the steering committee proposed the   implementation 
of several quality indicators in order to measure the   quality of 
care provided by the hospitals to knee arthroplasty patients. The 
aim was to create awareness among health care   professionals 
about the extent to which the completion and outcomes of the 
knee arthroplasty are in line with the standards expected from 
a well-functioning health care system. Quality indicators are 
intended to be used by departments and hospitals in order to 
improve the quality of knee arthroplasty treatment at their own 
department and compare their results with the results from 
other departments and hospitals, as well as national average 
results. A focus area covering six quality indicators was pro-
posed at the beginning: perioperative complication, follow-up 
after primary arthroplasty, patient’s satisfaction, improvement 
in knee status, implant survival after primary arthroplasty, 
and mortality within 90 days of surgery. An algorithm for 
calculation of indicators has been developed using already 
available data in the DKR. The quality indicators were opti-
mized in 2010 with the removal of some and inclusion of new 
indicators. Indicator perioperative complication, for example, 
has been removed because of difficulties in interpreting the 
departments’ results, ie, the low perioperative complication 
rate could represent the reality, but could also be the result 
of poor registration of complications. Since 2010, the set of 
indicators has included rehospitalization within 30 days of 
primary surgery irrespective of medical reason, revision rate 
within 1 year of primary surgery, revision rate within 2 years 
of primary surgery, revision rate within 5 years of primary 
surgery, and mortality within 90 days of primary surgery. For 
calculation of rehospitalization within 30 days of surgery, 
the DKR has been linked to the Danish National Registry of 
Patients, extracting the information on all hospitalizations to 
public somatic hospitals in Denmark irrespective of diagnosis. 
Rehospitalization is a measure of complication following knee 
surgery, as the hypothesis is that the hospitalization within 
30 days is most likely related to surgery itself.
Statistics
The registration completeness for primary knee arthroplasty 
and revisions was assessed using the Danish National 
  Registry of Patients as a reference. Since the civil registration 
number is recorded in all Danish databases, the estimation of 
completeness is possible on an individual level.   Completeness 
in the DKR was defined as the number of procedures 
  registered in the DKR divided by the number of procedures 
registered either in the DKR or the Danish National Registry 
of Patients. To estimate confidence intervals and compare 
proportions, we relied on the normal approximation of 
the binominal   distribution. P-values less than 0.05 were 
  considered   statistically significant.
We used the StatBank Denmark7 to obtain information 
on the population size by each calendar year to be able to 
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calculate the annual overall incidence rates of primary knee 
procedures as followed; the number of procedures by calen-
dar year divided by the total number of Danish residents by 
calendar year. In addition, age- and sex-specific incidence 
rates have been calculated.
Implant survival was estimated by use of the Kaplan–
Meier method with 95% confidence intervals (95% CI). 
Outcome was defined as revision due to any cause. Cox 
regression analyses was used to estimate hazard ratios 
as a measure of relative risk (RR) for revision with 95% 
CI, adjusting for few prognostic factors. For the purpose 
of implant survival analyses, primary knee replacement 
  procedures were followed until a revision was registered 
in the DKR. Otherwise, patients were followed until death, 
emigration or end of study period, whichever came first. 
Revisions registered in the DKR that could not be linked to 
a primary knee procedure in the DKR were excluded from 
the implant survival analyses.
Registration in the DKR is approved by the National Board 
of Health and the Danish Data Protection Agency (J No 2007-
58-0016) and the current study is approved by the Danish 
Data Protection Agency (J No 2012-41-0137). All statistical 
analyses were performed using a statistical software package 
(version 9.1.3; SAS Institute Inc, Cary, NC).
Results
A total of 62,586 primary knee arthroplasties and 6683 revi-
sions were registered in the DKR between January 1, 1997 
and December 31, 2010. The number of both knee procedures 
has increased during the DKR registration with a minor 
decline in 2010 (Table 1). The proportion of procedures 
performed at private clinics and hospitals has increased 
constantly from 1997 to 2008, accounting for only 5% of all 
procedures in the period 1997 to about 27% in 2008. After 
that, the proportion of procedures performed at private clinics 
and hospitals dropped to 17% in 2009 and 14% in 2010.
Data quality
The register coverage has been above 90% in the entire study 
period. Thus, each year more than 90% of private and public 
hospitals performing knee replacement surgery entered data 
into the DKR.
Registration completeness of primary procedures and 
revisions increased from 76.6% in 1997 to 88% in 2010 
for primary procedures and from 56.7% in 1997 to 88% in 
2010 for revisions, compared with registration in the Danish 
National Registry of Patients.
Missing values to control for variables included in the 
dataset showed that in more than 95% of registered cases, the 
value for each variable is entered. Registration completeness 
continuously increased not only from 2006, when registra-
tion in all national clinical databases became mandatory but 
from 1997 when the DKR was initiated. Nevertheless, with 
the mandatory registration rules, patient acceptance was no 
longer necessary in order to register the procedures in the 
DKR. In addition, the steering committee strongly refers to 
the surgeons’ consciousness as well as registration rules, 
when collecting information on   missing procedure registra-
tion, since financial support to the DKR is directly dependent 
on registration completeness and coverage.
incidence
For primary knee arthroplasties, the annual incidence 
rate increased from 35.8 in 1997 to 155.2 in 2010 per 
100,000 inhabitants. Incidence was higher for females com-
pared to males during the entire study period (Figure 1). The 
incidence increased with age for both sexes, being highest 
in the age group 70–79 years (806.2 for females and 623.9 
for males per 100,000 inhabitants), and then decreasing with 
age (Figure 2).
Demographics
The majority of patients (66.5%) are between 60 and 79 years 
old at the time of primary knee arthroplasty. There was a 
slight decrease in the mean age at operation, from 69 years in 
1997 to 67.2 in 2010. The female-to-male ratio has changed 
slightly over time for primary procedures. For all procedures, 
the proportion of female patients was 66.8% in 1997 decreas-
ing to 58.5% in 2010.
The most common diagnosis for primary knee arthroplasty 
was primary osteoarthritis, followed by secondary osteoar-
thritis (Table 2). The proportion of primary arthroplasties due 
to rheumaotid arthritis decreased from 7.7% in 1997–2000 to 
1.9% in 2010, which is an interesting observation (Table 2).
Three quarters of all primary procedures were performed 
in regional (spinal or epidural) anesthesia and 20% received gen-
eral anesthesia. The most frequent surgical approach used was 
midline through the quadriceps tendon (60.7%) followed by 
Table 1 Number of knee arthroplasty procedures registered in 
the Danish Knee Arthroplasty Registry, period 1997–2010
Type of  
surgery
1997– 
2000
2001– 
2007
2008 2009 2010 Total
Primary 
arthroplasty (n)
7368 31,865 7107 8347 7899 62,586
Revision (n) 922 3012 803 993 953 6683
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Figure 1 Annual incidence rates of primary knee arthroplasty procedures per 100,000 inhabitants (on y-axis) in Denmark in the period 1997–2010 (on x-axis).
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Figure 2 Incidence rates of primary knee arthroplasty procedures per 100,000 inhabitants (on y-axis) in Denmark according to specific age and sex (on x-axis).
the medial parapatellar approach through the quadriceps tendon 
(26.3%). Duration of primary surgery has become shorter during 
the study period; thus, the average duration of surgery fell from 
91.2 minutes in 1997 to 69.5 minutes in 2010.
From 2000 to 2008, the use of uncemented and hybrid 
primary knee arthroplasties decreased constantly while the 
use of cemented knee arthroplasties increased. In 2009 and 
2010, the use of hybrid implant increased again whereas use 
of uncemented implants continued to decrease. During the 
entire study period, a total of 49,107 (78.6%) procedures 
were cemented, whereas 4721 (7.5%) and 7786 (12.4%) were 
uncemented and hybrid primary procedures, respectively. 
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In addition, 1.5% of implants were registered with unknown 
fixation.
Of all primary arthroplasties, 57,121 (91.3%) were total 
knee replacements, and 4636 (7.4%) were medial unicom-
partmental knees. In the total study period, 65 different femur 
and 72 different tibia components were used. Table 3 summa-
rizes the most common used femur and tibia components.
In revision surgery patients, age and sex distribution 
  follow the same pattern as seen for the primary procedures. 
In 1997–2010, aseptic loosening was registered in the DKR 
as a main cause of revision in 2036 of all revision cases 
(30.7%). Other reasons for revision are listed in Table 4. It 
is worth noticing the reduction in proportion of revisions due 
to aseptic loosening, which fell from 33.4% in 1997–2000 
to 24.4% in 2008. At the same time, there was a statistically 
significant increase in the proportion of revisions due to 
deep infection from 16.5% in 1997–2000 to 31.8% in 2008. 
Nevertheless, this changed slightly in 2009 and 2010.
Quality indicators
The proportion of primary knee arthroplasty patients who 
were rehospitalized within 30 days of surgery irrespective of 
reason increased from 6.8% in 1999 to 7.8% in 2004, 9.3% 
in 2007, and 10.4% in 2008, falling to 8.7% in 2009. The 
proportion of rehospitalized patients varied considerably 
between hospitals in all the years, ranging, eg, from 0% to 
25% in 2009.
Revision rate within 1 year of primary surgery increased 
slightly in the study period from 1.3% for patients operated 
in 1999 to 2.3% for those operated in 2009. Revision rate 
within 2 years of primary surgery increased likewise being 
2.3% for patients operated in 1999 and 4.7% for patients 
operated in 2008. Regarding revision rate within 5 years, 
we observed a U-shaped development, as it was 6.3% for 
patients operated in 1998, 4.8% for those operated in 2001, 
and 6.6% for those operated in 2005. Revision rates are 
presented in Figure 3.
Table 2 Diagnosis for primary knee arthroplasty registered in the Danish Knee Arthroplasty Register, 1997–2010
Diagnosis* 1997–2000 2001–2007 2008 2009 2010 Total
n % n % n % n % n % n %
Primary osteoarthritis 5.690 77.3 26.269 82.7 6.208 87.9 7.185 86.6 6.774 86.2 52.126 83.6
Secondary osteoarthritis 741 10.1 3409 10.7 617 8.7 796 9.6 854 10.9 6.417 10.3
Rheumatoid arthritis 564 7.7 1173 3.7 159 2.3 164 2.0 153 1.9 2.213 3.5
Sequelae after fracture  
of tibia condyle
201 2.7 588 1.9 84 1.2 90 1.1 101 1.3 1.064 1.7
Other diagnoses 160 2.2 474 1.5 82 1.2 107 1.3 114 1.5 937 1.5
Sequelae after other arthritis 67 0.9 229 0.7 39 0.6 54 0.7 61 0.8 450 0.7
Sequelae after fracture  
of femoral condyle
54 0.7 161 0.5 18 0.3 31 0.4 27 0.3 291 0.5
Sequelae after fracture  
of patella
20 0.3 100 0.3 14 0.2 23 0.3 20 0.3 177 0.3
Hemophilia 9 0.1 13 0.0 3 0.0 1 0.0 0 0.0 26 0.0
Total 7.363 100.0 31.767 100.0 7.063 100.0 8.295 100.0 7.856 100.0 62.344 100.0
Notes: *Several diagnoses could be registered for the same primary procedure.
Table 3 The most-commonly used femoral and tibia components 
for  primary  knee  arthroplasty  registered  in  the  Danish  Knee 
Arthorplasty Arthroplasty Registry, 1997–2010
n %*
Femoral components
PFC Sigma Cruciate-Retaining 
(Johnson and Johnson)
15.225 24.3
AgC V2 Universal 
(Biomet)
11.590 18.5
Nexgen CR 
(Zimmer)
7.209 11.5
PFC Sigma Cruciate-Substituting 
(Johnson and Johnson)
5.588 8.9
Vanguard CR 
(Biomet)
2.905 4.6
Oxford Phase iii 
(Biomet)
2.062 3.3
Tibia components n %
AgC V2 
(Biomet)
1.917 19.0
PFC Modular 
(Johnson and Johnson)
11.593 18.5
Nexgen CR 
(Zimmer)
6.333 10.1
PFC Sigma Rotating Platform 
(Johnson and Johnson)
3.781 6.0
PFC Sigma Cruciate-Retaining 
(Johnson and Johnson)
2.995 4.8
Vanguard CR 
(Biomet)
2.830 4.5
Notes: *Percentages are calculated as proportions, with the nominator numerator 
containing the number of uses of the particular component used and the denominator 
containing the total number of primary arthroplasty procedures in the period 1997–2010.
Abbreviations: AgC, anatomical femoral component; CR, cruciate retaining; PFC, 
posterior fixed component.
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Table 4 indication for revision of primary knee arthroplasty registered in the Danish Knee Arthroplasty Registry, 1997–2010
Indication* 1997–2000 2001–2007 2008 2009 2010 Total
n % n % n % n % n % n %**
Aseptic loosening 307 33.3 987 32.8 196 24.4 273 27.5 273 28.6 2.036 30.7
Pain without loosening 204 22.1 607 20.2 139 17.3 147 14.8 159 16.7 1.256 20.4
Secondary insertion of 
patella component
177 19.2 235 7.8 50 6.2 61 6.1 41 4.3 564 17.7
Deep infection 152 16.5 578 19.2 255 31.8 287 28.9 246 25.8 1.518 15.2
Knee instability 145 15.7 556 18.5 139 17.3 175 17.6 171 17.9 1.186 14.5
Polyethylene wear, tibia 115 12.5 247 8.2 34 4.2 39 3.9 41 4.3 476 11.5
Polyethylene wear, patella 83 9.0 171 5.7 24 3.0 19 1.9 23 2.4 320 8.3
Other 88 9.5 354 11.8 88 11.0 145 14.6 128 13.4 803 8.8
Notes: *Several indications could be registered for the same revision procedure. **Percentages are calculated as proportions, nominator with the numerator containing 
the number of instances of a particular indication registered in a particular time period and the denominator containing the total number of revisions performed in the same 
time period.
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Implant survival – first results
The overall implant survival after 14 years was 89% in pri-
mary arthroplasty patients irrespective of diagnosis for surgery 
with the first revision due to any cause as outcome. We found 
a slight difference between males and females in the risk for 
any revision in the period 1997–2010. Thus, the RR was 1.09 
(95% CI: 1.01–1.18) for males vs females, adjusted for age. 
Patients older than 76 years and between 66 and 76 years had 
lower RR for any revision compared with patients younger 
than 66 years. Thus, the relative risks adjusted for sex were 
0.40 (95% CI: 0.35–0.44) for patients aged more than 76 years 
and 0.60 (95% CI: 0.55–0.66) for those between 66 and 76 
years of age compared with younger patients.
Regarding implant survival in relation to fixation technique, 
uncemented implants were associated with higher risk for any 
revision (RR = 1.48; 95% CI: 1.32–1.66), whereas hybrid 
implants lead to lower risk for any revision (RR = 0.84; 95% CI: 
0.75–0.95) compared to cemented implants. Finally, the DKR 
revealed no difference in implant survival between patients 
operated in the periods 2001–2003, 2004–2006, and 2007–2010 
compared to patients operated in 1997–2000 (Figure 4).
Discussion
Data quality
In 2010, the registration completeness in the DKR was 
88.0% for primary procedures, which is lower than 
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  previously reported registration completeness of 99% and 
more than 90% for primary knee procedures in Norway and 
Sweden, respectively.8,9 One reason for this discrepancy 
could be the fact that the Norwegian completeness study 
was not based on an individual matching of patients regis-
tered in a joint registry and a national registry of patients. 
Another reason may be the differences in coding practice 
between countries and the number of coding errors. The 
advantage of using DKR data, although some procedures 
are missing, is the detailed information on surgery and 
patient related factors, including a number of prognostic 
factors important for studying different outcomes. This 
detailed information is not available in other Danish 
medical databases. Detailed surgery and patient related 
data are usually available in clinical studies initiated by 
one or several departments, but these studies may suffer 
from lack of power. Lower registration completeness 
may have meant that studies of incidence provided more 
conservative estimates. However, lower registration com-
pleteness would not have substantial impact on relative risk 
estimates, because lack of registration is nondifferential, 
ie, independent of the registration of outcome of interest 
due to prospective registration of data.
Registration completeness of revision is reported to be 
higher (97%) in the Norwegian knee arthroplasty   registry 
and lower (80%) in the Swedish knee arthroplasty registry 
than in the DKR (88%).8,10 Robertsson et al10 did additional 
analyses on Swedish knee registry data accounting for the 
missing revisions and suggested that the overall conclu-
sions about revision risk based on the arthroplasty registry 
did not change substantially. Survival analyses used in the 
registry reports are usually based on the Kaplan–Meier 
method and, due to the existence of competing risks, implant 
survival would be overestimated. Further, lack of registration 
of revision is unlikely to be associated with registration of 
primary procedures, resulting in relative risk estimates close 
to null, thus of no difference to the groups we compared.
High registration completeness and very few missing 
values for variables included in the dataset increase the 
validity of the DKR. However, the proportion of patients 
correctly registered in the DKR needs to be examined further 
through the review of medical records and radiographs.
incidence
The steady increase in the incidence rates for primary knee 
arthroplasties found in our study appears to be consistent 
with the reports from a number of other countries reported 
in slightly different study periods.11–13 Several factors might 
be responsible for the increase in incidence rates such as the 
aging population as well as changing clinical decisions for 
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performing knee arthroplasty on a wider patient population 
including very young or very old patients and patients with 
severe comorbidities. Nevertheless, improvement in surgical 
technique has to a large extent also contributed to an increase 
in knee arthroplasty incidence. Two studies predicted the 
increase in knee arthroplasty incidence until 2030 by 673% 
in the United States14 and 33% in Sweden,13 using different 
future scenarios. There is no doubt that the incidence in 
Denmark will to some extent follow these predictions and 
will thus represent a serious economic and staff resources 
challenge for the health care system.
A substantial increase in incidence of knee procedures at 
private hospitals in 2008 could be explained by the general 
strike of nurses during several months of 2008 at public 
hospitals. In addition, the Danish government passed a bill 
guaranteeing that patients in need of surgery should not have 
to wait more than 1 month. Both these incidents resulted in 
patients streaming from public to private hospitals in 2008. 
Thus, we expected a decrease in the proportion of patients 
operated on private hospitals in 2009 and 2010, which actu-
ally did happen.
Demographics
We observed an increase in the proportion of knee 
  arthroplasties for patients with primary osteoarthritis, which 
is in accordance with findings from several countries during 
the last 10–15 years.9,15 In the same period, we observed a 
decline in the proportion of knee arthroplasties in patients 
with rheumatoid arthritis, although the absolute number of 
these patients was constant throughout the study period. 
  Studies from several countries have reported a similar 
decline in the incidence of joint replacement surgery due to 
rheumatoid arthritis.15–17 The authors speculated on possible 
reasons for this trend, including the improvement of medical 
treatment introducing methotrexate in the 1980s and changes 
in severity of rheumatoid arthritis, which could be the focus 
of future research in the DKR.
The increase in proportion of revisions due to deep 
infection seen in Denmark has been reported in other coun-
tries for both knee and hip surgery patients.18–21 Orthopedic 
surgeons may be more prone to treat implant infection 
with surgery than with medical treatment, or the medical 
treatment may be less effective than it was some years ago 
due to occurrence of resistant bacterial strains. In addition, 
the changes in patient comorbidity profiles (eg, increased 
proportion of knee arthroplasty patients with diabetes and 
obesity over time) and indications for surgery (eg, lower 
threshold for surgery) may in part explain our findings. 
Although the DKR does not include detailed data on, eg, 
causative agent of deep infections and treatment, the DKR 
can still contribute to the future understanding of this 
trend by combining the DKR data with laboratory22 and 
microbiological data,23 as well as hospital discharge data5 
available in Denmark.
Quality indicators
The rehospitalization rate of less than 10% seen in our study 
is similar to that reported by a multinational observational 
study from 13 countries worldwide.24 The majority of 
rehospitalization was due to cardiovascular complications, 
wound healing or infection, reoperation, and pneumonia. The 
increase in rehospitalization rate following knee replacement 
surgery seen over the last decade in Denmark could be due 
to changes in patient comorbidity profiles and threshold 
for surgery, as discussed above. Pedersen et al6 reported on 
increase in venous thromboembolism rate following knee 
replacement since 1997, which could partly explain our 
  findings. Given the decline in the length of hospitalization for 
knee arthroplasty seen in Denmark25 as well as improvement 
in the diagnostic management of patients,26 our finding may 
not be surprising after all.
Implant survival – first results
The overall implant survival after 14 years is similar to 
implant survival reported from other knee registries.11,27–29 
Our findings of increased risk for revision among males 
versus females, as well as decrease in revision risk with 
increasing age have been reported previously. When inter-
preting the risk estimates for age groups the impact of life 
expectancy on revision risk should be taken into consid-
eration since older patients will experience death before 
revision more often than younger patients. Nevertheless, it 
has been reported previously that the Kaplan–Meier method 
substantially overestimated the risk of revision compared 
to estimates using competing risk methods particularly in 
the group with the highest incidence of the competing risk 
of death.30
The higher revision risk for uncemented implants com-
pared to cemented implants found in our study agrees with 
findings from Sweden, New Zealand, and Norway.11,27,31 
These findings have resulted in change in surgeon behavior 
and seldom use of uncemented implants in Sweden (close 
to 0%),27 whereas in Norway, 20% of femur components 
and 10% of tibia components are still uncemented.11 Use of 
uncemented implants in Denmark32 and in New Zealand31 
has decreased continuously for the past several years,9 being 
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less than 5% in 2010. On the other hand, reports from knee 
registries in Australia33 and England28 found no difference 
between cemented and uncemented concepts. Uncemented 
implants have been used in 5% of the knee replacements 
in England, whereas 25% of implants in Australia are 
uncemented. Comparing the cemented versus uncemented 
analyses across countries may be challenging due to the 
large variety of brands of implants and many possible com-
binations. Havelin et al showed that only three total brands 
and one unicompartmental brand were common in Norway, 
Sweden and Denmark, and that at least 50 different tibia and 
50   different femur brands have been used in each country.34 
Thus, it is important to know which brand combinations have 
been the basis for cemented versus uncemented analyses in 
order to interpret the results. More detailed separate analyses 
on specific combinations of implant brands, on more 
homogenous patients groups, focusing solely on implants 
with uncemented tibia or uncemented femur components 
could be useful to clarify this issue. Further, it is still unclear 
whether differences between uncemented and cemented 
implants are related to follow-up time after the surgery since 
differences have been seen after long-term follow-up but not 
after the short-term follow-up period.33
Contrary to reports from the Swedish and the Norwegian 
knee arthroplasty registries, we found no improvement in 
overall implant survival with time. This could be related to 
changes in and the variety of implant brands used over time in 
these countries, as mentioned above. Further, use of patellar 
button for total knee arthroplasty, a well-known risk factor 
for revision11 is more popular in Denmark than in Sweden 
and Norway.35 Lower surgery time and a lower proportion of 
osteoarthritis patients in Denmark compared to Sweden and 
Norway could also in part explain the discrepancy in implant 
survival.
Conclusion
The DKR is a potentially valuable tool for quality improve-
ment and research in the different fields of knee arthroplasty 
surgery.32 Recent collaboration and data linkage with other 
Scandinavian knee registries might further contribute to 
quality improvement and understanding of differences in 
knee arthroplasty surgery between countries.
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